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Performance Final/Technical Report
NOOO14-94-1-0110

MCS Transects of the Gorda Rise and Costa Rica Rift:
Two ONR-Funded Surveys aboard R/V Ewing

John B. Diebold and Carolyn Z. Mutter
Introduction

The consensus reached at the ONR Workshop on Investigations of Young Oceanic Crust,
held at Friday Harbor, Washington in March of 1993, was that marine geophysical surveys should
be conducted in one or more "corridors" in the Eastern Pacific. It was recognized that multichannel
seismic [MCS] reflection profiling was an important part of such surveys, despite their relatively
high cost. Excellent results were gained during two such profiling efforts, which were carried out
as "add-on" surveys, attached in one case to a larger, NSF-funded survey, and in the other, carried
out during a transit leg. In both cases, transit, mobilization and demobilization costs were

minimal, and the maximum amount of data possible was obtained, given the available funding.

Gorda Rise

The Gorda Rise segment is unusual in that spreading rates have, for the past 10 my, been
highly asymmetric, offering a chance to examine conjugate sections of crust created at the same
time and place, but with crustal accretion rates that differ by a factor of two. The Gorda Rise
transect was shot during R/V Ewing's (EW-9413) transit from Prince Rupert, BC, to Coos Bay,
Oregon in September, 1994. Four days of ship time was budgeted for the transect. A half day
was required for deploying and recovering the MCS equipment, which consisted of a 4 km digital
160 channel hydrophone array, and a 10-gun 3005 cu. in. source array. During the 3.5 days
available for data acquisition, about 15,200 shots were fired, along a transect from 17 my crust on
the Pacific plate, across zero age crust at the ridge crest, and eastward to 6 my crust on the Gorda
plate (Fig. 1). These data were gathered into 61,400 CDPs. Images of the Layer 2A/2B interface
were obtained by the constant-velocity normal moveout [CVNMO] method (Vera and Diebold,

1994). In most places, the imaging was successful over a wide range of stacking velocities, and
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the apparent thickness of the layer varied according to the velocity used. In order to determine the
true velocity and thickness of Layer 2A, a great number of CDP gathers were examined and
analyzed by ray tracing. The explanation for the poor stacking velocity discrimination was that in
many cases, the postcritical arrivals forming the image were seen in only a few traces (Fig. 2).
Another surprise is the frequent appearance (visible in Fig. 2) of arrivals from Layer 2B. A
compilation of the ray tracing results (Fig. 3) shows several interesting features. Thickness of
Layer 2A does not seem to vary systematically with age, though there appears to be an increase in
velocity from 2.5 km/sec to 3 km/sec, which takes place within the first 1-2 my. Greater non-age-
dependent variations are seen in a few places.

5-6 my crust on the Gorda plate features 2A thicknesses which become vanishingly small.
In the conjugate area on the Pacific plate, increases in 2A thickness and velocity are seen. As
shown by Fig. 4, our interpretation of the thinning of 2A east of the ridge crest is well supported
by the data. In CDP gathers from the conjugate Pacific area (Fig. 5), there remains the possibility
that layer 2A is thin and undetected, and that we are modeling the 2B arrivals instead. In any case,
we can certainly say that Layer 2A thicknesses are a bit greater in this intermediate spreading rate

segment than they are at the fast-spreading East Pacific Rise, and that greater variations in
thickness and velocity are present.

Costa Rica Rift

The study of upper crustal seismic characteristics at the poorly known Costa Rica Rift axis
was initiated with a Hydrosweep survey conducted along N-S corridors spaced at approximately 8
km range over the shallower western 70 km of the approximately 140 km spreading segment. The
survey revealed the major features of the rift and the fabric of northern flank of the rift out to about
.5 my and the southern flank of the rift out to about 1 my (Fig. 6). The spreading center is
characterized by a series of en echelon rift valleys that step to the north from west to east. The
axial asymmetry observed for the western region of the Costa Rica Rift is not unlike that observed
at the adjacent Ecuador Rift (Carbotte and Macdonald, 1993); both rift systems show a shoaling of
the axial rift valley at toward the western limit of each segment and lineated topography reminiscent
of that observed on the slower spreading Mid Atlantic Ridge.

With raw hydrosweep data in hand, it was possible to design an axial seismic investigation
utilizing a 3005 cu in airgun source array, a 4 km 160 channel digital streamer configured in 25 m



groups, and dispensable sonobuoys, to investigate the most robust-looking part of the spreading
segment, and the crust formed along a flow line south from this segment toward the 504B area.
The airgun array was fired at a 13 second shot interval (randomized at + 250 msec) at a ship speed
of approximately 4.5 kts (over the ground), giving an optimal shot spacing of 30 m for the 10 s
seismic records sampled at 2 msec. This shot spacing was chosen so that subsequent processing
to reduce the influence of rough, diffractive topography could be accomplished with minimal
spatial aliasing. Multichannel seismic (MCS) and sonobuoy profiles were acquired in isochron
orientations along flanks and rift of a valley of about 3000 m depth centered at about 3°20'N,
83°50'W (Fig. 6). Three MCS profiles were also acquired across the axis of this feature. These
object of these profiles was to capture the axial and near axis character of the uppermost crust
(Layer 2A) so that the evolution of the features resolved in this crust could be studied along a flow
line extending to the south. Additional MCS and sonobuoy profiles were acquired along isochron
line intersections of the flow line in crust of .75 my (Fig. 6), 2.2 my (Fig. 7a), and 5.5 my age
(Fig. 7b) to ensure the best possible resolution of intra-crustal features. In three days, 600 km of
very high quality MCS data and several good sonobuoy profiles were acquired.

Layer 2A has already been well resolved in detailed seismic studies of the faster spreading
East Pacific Rise; Layer 2A consists of crust having a characteristic low velocity (2 - 3 km/s) and a
rapid velocity increase to about 5.0 km/s at the base (e.g., Vera and Diebold, 1993). It is likely
formed of extrusive igneous rocks at the surface overlying intercalated intrusive and extrusive
rocks grading to an entirely intruded dike complex at the base of the layer. Studies to date indicate
that seismic Layer 2A forms a 100 - 150 m thick layer at the ridge axis, thickens to 400 - 700 m
within a km or so of the axis, and then appears to remain relatively constant in thickness to ranges
of 10 km or so from the axis with subsequent evolution unknown. The Costa Rica Rift study and
Gorda Rise study are the first to attempt resolution of Layer 2A beyond a few million years age.
Iterative analysis of Layer 2A from constant velocity CDP stacks of 300 km of isochron lines
positioned in crust of O (Line 1268; Fig. 8a), 0.75 (Line 1276; Fig. 8b), 2.2 (Line 1280; Fig. 8c),
and 5.5 my (Line 1284; Fig. 8d) from the Costa Rica Rift yields the following results:

* Layer 2A is formed entirely at the axis of spreading, and forms a considerably thicker unit
at the intermediate spreading (33 mm/yr) Costa Rica Rift (450-600 m) than at the faster spreading
East Pacific rise axis.

* The thickness of Layer 2A remains approximately constant (450 - 600 m) out to at least
2.2 my.



* The interval velocity of Layer 2A increases from about 2800 - 3000 m/s at the spreading
axis to 3300 - 3500 m/s at the adjacent rift high and flanks, and remains approximately constant out
to at least 2.2 my.

* The interval velocity of Layer 2A in 5.5 my old crust is significantly higher (4500 - 4700
m/s) and the layer considerably thinner (200 - 300 m) than that formed prior to 2.2 my. This layer
thickness is comparable to the seismic Layer 2A thickness observed at 5.9 my old crust of Hole
504B (125 - 200m).

In addition:

* An axial magma chamber (AMC) event has been clearly imaged at 2600 - 2800 m depth
beneath the 3000 m deep axis of the CRR, providing perhaps the first unequivocal observation of
an AMC in a rift valley setting (Fig. 9). Both AMC depth and Layer 2A thickness are considerably
greater than observed along the faster spreading EPR.

* Crust formed .75 my ago appears to be about 1 km thicker (1.9 s twtt) than crust formed
5.5 my ago (1.5 s twtt).

Using Layer 2A thickness as a proxy for extrusive layer thickness, these results provide the
first compelling evidence that crust formed from a deeper AMC forms a thicker extrusive layer than
crust formed by shallower AMCs, and have led to the first model formulation for extrusive
thickness based on depth to the AMC (Buck, et al., submitted). This model integrates the
combined influences of AMC overburden, density structure, melt viscosity, and flexural effects to
show how thicker extrusives are predicted from deeper AMCs (Figure 10). Extrusion is self-
regulated through the integrated pressures on the axial magma lens itself. This magma pressure is
determined by the depth of the lens, the average density of the rocks over the lens, and the flexural
load supported by the lithosphere above the lens.

Conclusions

The cooperation of Lamont-Doherty's Marine Department, and investigators at Woods Hole
Oceanographic Institution, i.e., R. Detrick and J. Collins, enabled us to collect large aperture MCS
data in two areas, without the usual added costs of transit and mobilization. The cost benefit to the
Navy was, therefore maximized, and the results have justified the effort expended. According to
the problems that were addressed, and due to the cooperative environments, two kinds of surveys
were planned and carried out. The Gorda Rise data, acquired during a transit leg, were shot in the



form of a single, continuous transect, which imaged Layer 2A from fully mature (17 my) crust, to
the ridge axis and beyond, covering areas with variable spreading rates. The Costa Rica Rift data
were acquired cooperatively during another survey, and a grid of lines were recorded. In both
cases, the survey goals were met and exceeded.

Publications resulting from this work:

Buck, W.R., S.M. Carbotte and C.Z. Mutter, Controls on Extrusion at Mid-Ocean Ridges,
submitted, Geology.

Mutter, C.Z., Seismic and Hydrosweep Study of the Western Costa Rica Rift, EOS
Trans. AGU, 76, 595, 1995.



Figure Captions

Figure 1. Track map of MCS portion of Lamont MCS cruise EW-9413, superimposed on crustal
ages contoured in millions of years.

Figure 2. Four successive CDP gathers are superimposed, showing the characteristic layer 2A
arrival at 5.05 sec, reduced traveltime and at offsets between 2.9 and 3.4 km.

Figure 3. Compiled results of ray-trace analysis of CDP gathers. 2A velocity climbs quickly from
2.6 km/sec to 3.3 km/sec, with several large (apparently structure-related) variations. 2A thickness
is quite variable.

Figure 4. In one area (5 my, E. side of ridge) 2A is very thin, as clearly shown by the refraction
which crosses the basement reflection at 3 km (4.5 sec, reduced traveltime).

Figure 5. On the other side of the ridge, Layer 2A is thick and fast.

Figure 6. Binned and interpolated hydrosweep data from the Costa Rica Rift area, with
multichannel seismic (MCS) track indicated by solid line. MCS track was positioned according to
raw hydrosweep data and is well aligned with the seafloor fabric. Line 1268 is located on zero age
crust of the Costa Rica Rift (profile shown in Figure 8a) in a shallow rift valley. Line 1276 is
located along an isochron of 0.75 my old crust (profile shown in Figure 8b).

Figure 7. Binned and interpolated hydrosweep data from 2.2 my old (Line 1280, above) and 5.5
my old (Line 1284, below) crust of the Costa Rica Rift. Hydrosweep and MCS profiling was
done simultaneously; note that orientation is not quite as well positioned with respect to seafloor
structure as in the near axis setting (Figure 6).

Figure 8. Isochron profiles from the Costa Rica Rift. Stacks mute near offset data to minimize
distortion of the event from the base of seismic Layer 2A, designated 2A in profiles. (a) Line
1268, zero age crust. Layer 2A is evident at about 0.4 £ .05 s twtt beneath the seafloor (~600m,
interval velocity of 2900 m/s), with an axial magma chamber (AMC) event evident at about 1.25 s
twtt beneath the seafloor (~2700 m). The AMC is somewhat weak in this section owing to the
severe inside mute; a full, migrated stack of the AMC is also shown in Figure 9. (b) Line 1276,
0.75 my old crust. Layer 2A is evident at about 0.35 £ .025 s twtt beneath the seafloor (~600m,
interval velocity of 3400 m/s). A MOHO event is visible at the base of the crust at about 2.0 s twtt
beneath the seafloor. (c) Line 1280, 2.2 my old crust. Layer 2a remains at about 0.35 +.025 s
twtt (~600m, interval velocity of 3400 m/s) beneath the seafloor. (d) Line 1284, 5.5 my old crust.
Layer 2a is located at about .22 +.015 s twtt (~500 m, interval velocity of 4600 m/s) beneath the
top of igneous basement (note there is a significant sediment accumulation of about .35 s twtt
above this). MOHO is evident at 1.5 s twtt beneath the top of igneous basement and thus the crust
is significantly thinner in this setting than observed 3.3 my previously (Line 1280).

Figure 9. Stacked and migrated time sections from the intermediate-fast spreading EPR at 17°N
(left) and the intermediate spreading CRR (right). The base of Layer 2A and the AMC occur at
significantly greater depths at the CRR axis than at the EPR.

Figure 10. Model predictions from Buck et al. (submitted) for four sets of parameters (overburden,
overburden + viscous, overburden + flexure, overburden + viscous + flexure) compared with
observations of seismic Layer 2A thickness at the ridge axis as a function of depth to the axial
magma chamber. Schematics depict overburden mechanisms for regulating the equilibrium
thickness of the extrusive layer Ze at a mid-ocean ridge with a magma lens at a depth Z1. For a
deeper magma lens the extrusive layer has to be thicker to give the same average density of the




rocks overlying the magma lens. For reflection data, averages and standard deviations (where
available) measured from detailed surveys within these areas are given. Two-way traveltimes to the
Layer 2A and AMC events are converted to depth using velocities derived from on-axis refraction
data in the same area unless otherwise specified. Data for 17°S EPR are repicked from the along-
axis profile of Mutter et al., 1995; 9°N EPR, 2A thickness is from Harding et al., 1993 and AMC
depth from Kent et al., 1993; 16°N and 17°N EPR are from Carbotte et al., 1996. Depth
conversion is carried out using velocities from on-axis ESP solution of Vera et al., 1990 for EPR
at 9°N; Juan de Fuca, AMC depth is from reflection data presented in Morton et al., 1987 and
Layer 2A thickness is estimated from two-dimensional seismic refraction study of Macdonald et
al., 1994. For this data point the range of axial 2A thickness and AMC depths observed are
shown. We note that the evidence for an axial melt lens at this site is debatable since the crustal
reflection identified by Morton et al., 1987 is weak and reflection polarity cannot be determined.
Costa Rica Rift, from Mutter, 1995. Refraction results are from expanding spread profiles shot
along the ridge axis: 14°S EPR, from Mutter et al., 1995; 17°S EPR, Detrick et al., 1993; 13°N
EPR, Harding et al., 1989; 9°N EPR, Vera et al., 1990.



1 2an3td

e2l- vel- .G2L- .92L- .l2k- .82k~ .62k- .0EL- .LEL- .2EL- .€EL- pEL- .SEL- 9€l- .LEL- .BEl-
S e N ==
IVW\\»/.,., /fv(&f%f\“/l”%%ﬁ”“&%wm”’ﬂ e S

<

-

w »
il

., £21- .v2L- .S2- .92k .l2t- .82L- .62k- .0EL- .LEL- 2EL- .€El- .pEL- .GEL- 9E}- LEL- awm_,”

- 2
N~/

e1¥6/M3 108suel] abpiy epion




0

offset, km

1 2 3 4

| NN R TN TSN N T S I | W T | | I N T - I § I S T N SN I R I L1 1 1 1 & i .1 I 11 l

4.5

reduced two-way time, sec

5.5-

~—

”.'. »».n ’ ’

e DAY .,,m
’.,' b I oy,
I y' """ PR M’
"J "’.’b';’t’,.
::.’ " »P’fp:’l'»"ww L .»»} »Bq.
- n" o ’

,.J»‘-»',;'»rw »” 'y ».

| T

. » M |
- Co) "
i-,".» y ! ,‘," Ny 1»”’" Dﬂ? X -’. g ",
.P.‘ ! f".’ h ;’) » vy, . ",
’-PI b‘ Jb | ' ' i' ’b T )y ’"" ’. ;' , "’: .‘ 'b» ' .’h»
> } -x» "r R 'h» , '...’_ . :v. " b 'b'. ) ,»va’ "’»» )" "
' > » L "’ » Sy, P y
;, , >y A .i’.. v ot ho)y >
0 ’." » "' ' ) [N | Vo " .) » , ’;’ ’ ,
[CELIN LN ) v i) »? ) »’i A ] » > ’p” Yo
> . W R * ] ) N - w7 , » '. , o
. -i»vh.’)b'; », ) ’|"- ) . ' L
va W > i'l’ , '. I’,’} ."wl : o) “,') 3 v " ’ ’ N "’ .
4 P l'b ' " ) V' ’) ) ’ J b, '.‘, )
) 13 .n" (3] ) ” Yoy » ';'V I,“. ) , , "
G T TS LR ".,»p"v ) i ‘
) ) ) : ,
’. ] ’) | .,’.'P':p’. 4 ‘ ' o ) : ' "' , N l','.’.' [ "’» " ) }.’
» 3 > .o Y »" n vy U .
» »"»‘ .y L ,' ) p 'pnﬁ » ) .DH v Py b' .." b’ iﬂ' .
R T S » ’ L . ' '
' » ) J L ) ’ ’ , ' o 'y , ,
y oL ! ) R » )| , ) " »

Crustal age -11 my. Layer 2A base refraction appears on only a few traces

L-DEO MCS line 1266 cdp 10280

Figure 2




20 mm/yr

55 mm/yr

20 mm/yr

L-DEO MCS line 1266
Gorda Ridge transect 42 - 43 N

o %84533760 """"""
O 31670 930 atome-, [~

QO e

SSBUNOIY} JUBWIPSS

— o
]

61480,
60815
QD ssmmo ™
CD semmB0 |

QO 56770

O 55630 —
54460 L[
OO 54120

53140

o |

O 4o 43730 .
Oy W¥ses0
O s
Ry 36825 il

33060

29810
QO 27885

O 24888
Q@ 2zzms ¢
O O9sassos &,
O 1917 3
) 166884

QO 14880 O 45%,550 -
O 120 12495™,

O 110800
O 10280

(@DR:r:::+:

Q© 7es08 '.
5 esee =

QO s440 i L

Q 4395
QO arzs T

QD 2a8% {
O 1320

4—

3-—

Ao0jeA V2

16 -15 -14 -13 -12 -11 -10

-17

crustal age, my

l | |

o (@] (@]
o (@] o
< ™ Al
souoI v/

500 7
100

16 -15 -14 -13 -12 -11 -10

-17

crustal age, my

Figure 3




reduced two-way time, sec

0

| NN TN W OO N Y S |

&

W

VLS

-

g

offset, km
2 3 4

IlIIIIlIIIILJ

TRy
1 43"
S
-._n L

Crustal age 5.2my. Layer 2A is very thin
L-DEO mcs line 1266 cdp 60825

Figure 4




reduced two-way time, sec

offset, km

1 2 3 4

Il l‘ Lt 11 1 1 I ) N S I I | S I | W Y N T N T N ‘ ) SO I T | 'l | ] l 1 Ij

—

. ) }

Lot my%’b’ " b »L.,:E

,’.5;)»».’, ey ‘.'?J»’?'g p> :'"
AR O T T AL i S

Layer 2A, as defined by its top and bottom reflectors,is fast and thick

L-DEO MCS line 1266 cdp 34745 crustal age -4.2 my

Figure 5




% 5TW 8 5VW 83 43'W . © o83 35w 8 28w

2 58N

I T
| SHILS FENFI IS NN MFUREE EERNRS IS T AU )
2103 2209 231572421 2527 2633 2739 284572951 3057 3163 3269 . 3375 3430 2586

Depth (meters)

Figure 6.



24

IOV & 58w & 52“\:”»’

2 23N
2 3N
2N
1l T T T T 1T F
e N e 3 1 ¥ ¥ L T
233 2294 2945 2996 3047 3008 3149 3200 3251 3302 3%
Depth {meters)
21 GW 83 56w 2 52w
T RSN T - -
i

22w
128N
124N

— I T T T T
o 13 ) ! | L

1 1 LI

2298 X319 3343 3367 3200 3414 3438 3461 3485 23509 3532 13556

Depth (meters)
Figure 7.

83 4arw

40N

35N

53 3404 3455 3506 3857

8 LW

1" 28N

1" 24N

3580 3603 3627

e




00ccv

VR

0ovzy dad

“ uni g ! XN» e Y
9/¢1 3NIT 9LYEM

)\‘ v
LA SIhAR Y

¥

7

t(«.«(xﬂ.
RS

M 3

», \», 9 WoBIS W ¥ - 9'}
122 2 eeet 8921 INIT 9+P6M3

< O3S w

Figure 8.



0001v 00Clv 00blv 0091y

0081y 000¢v 00¢2cv

Ty
PR CTALY

009v 008v

fomr

“ . oIS W ¥ - 9')
821 INIT 9L¥6M3

wy § ' 4148

MOEBlS WY ¥ - 97}
z8el 08¢t IANIT 9I¥E6M3

1 0dS

Figure 8, cont.

v O3S




Figure 9.

-t

1(413&WHWMWan;ﬂ%& < l:

}x}f. .‘!JM.N/ ...V. .J!. .‘
>}hnﬂ ARG \\\II

:/\\ K LN

-

r’

R w.i.. o\ x; b

N Lo P -
s Tun < NC e .-l'.... .
- . -, ~

SIXV 141d vOId V1SOD SIXY Hd3a N oL}




w) yide

0005t 0000t "00S¢

Joqweyo ewbew [eixe
P o.wa Yy el
_ :

00051
T

0000} 0°00S
T

00
00

I ? i ! I T

eong ep uenp | _ _

SNOJSIA +
uapINgIeAQ

-U8pINQIBAQD

Y eo1Y ©ls0D K
d

= .

ainxs|4 +

ebpiy e NEA  SNOOSIA +
_ 7

uspingienp

T

Fany
\

‘Noi

N6
NZL

N6
net Y

ainxa|4 +
uspJINQIsAQ

sua-] ewbep

saNIg

Kusuaq

“0

AasuaQg

BIEp UONORIJDI SIXE-UO ¥
BlEp UOIO9JdI SIXe-uo O

- 0'00%

-1 0°008

- - 000

-{ 00001

-1 00041

- 0°00¢t

- 000t

o'o0vi

(w) sssuMoIyl Y2

Figure 10.



53.301-298

PART 53—FORMS
. For™m
REPORT DOCUMENTATION PAGE Aeiiinighunsin
Public reportng burden for of 10 aversge | howe per respome, mcluding the timwe (or revs g eXnUNG data sourcer,
gathening .:.4 Mantanwag (he dota needed, md'::nan n: tev-emnq the coltection of nlumlm 'nnd <mu n?udng thiy w estimate or sy mh«‘ ;m of thin
Oavn Heghway, Suite 1204, Anu-gum VA 122024302, snd 10 the oﬂkcoluamm wluﬂqﬂ. 'W mmmmmmxwm 0C 20503, eron
1. AGENCY USE ONLY (Leave blank) 2. REPORT OATE 3. REPORT TYPE ANO DATES COVERED
07/02/97 Performance/Final Technical 10/01493-03/31/97
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

MCS Transects of the Gorda Rise and Costa Rica Rifg:

Two ONR-Funded Surveys aboard R/V Ewing
. NO0014-94~1-0110

6. AUTHOR(S)
Dr. John B. Diebold
Dr. Carolyn Z. Mutter

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGARIZATION
. ] ] ) REPORT NUMBER
The Trustees of Columbia University in the

City of New York

the other during a transit leg. In both cases, transit, mobilization and

obtained - given the available funding.

were carried out as "add-on" surveys, one attached to a NSF-funded survey] and

Box 20 - Low Memorial Library 5-21734

New York, NY 10027

9. SPONSORING/MONITORING AGENCY NAME(S] AND ADORESS(ES) 10. SPONSORING / MONITORING

Office of Naval Research, Code 322GG AGENCY REPORT NUMBER
Department of the Navy

Ballston Centre Tower One

800 N. Quincy St., Arlington, VA 22217-5660

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/ AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

13. ABSTRALT (Maximum 20Q words)
Consensus reached at ONR Workshop on Investigations of Young Oceanic Crugt
(3/93) was that marine geophysical surveys should be conducted in one or more
"corridors" in the Eastern Pacific. It was recognized that MCS reflecti
profiling was an important part of such surveys, despite their relatively] high
cost. Excellent results were gained during two such profiling efforts, ich

demobilization costs were minimal and the maximum amount of data possible] was

4. SUBJECT TERMS 1S. NUMBER OF PAGES
MCS, Ocean Crust, Layer 2A

16. PRICE COOE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION [20. LIMITATION OF ABSTRACT
QF REPORT OF THIS PAGE OF ABSTRACT
NSN 7540-01-280-5500 . Standard Form 298 (Rev. 2-89)
. Precribed by ANSI Std. (39:18
198102
/

53-85



53301-298

FEDERAL ACQUISITION REGULATION (FAR)

GENERAL INSTRUCTIONS FOR COMPLETING SF 298

The Report Documentation Page (RDP) is used in announcing and cataloging reports. It is important
that this information be consistent with the rest of the report, particularly the cover and title page.
Instructions for filling in each block of the form follow. It is important to stay within the lines to meet

optical scanning requirements.

Block 1. Agency Use Only (Leave blank).

Block 2. Report Date. Full publication date
including day, month, and year, if available (e.g. 1
Jan 88). Must cite at least the year.

Block 3. Type of Report and Dates Covered.

State whether reportisinterim, final, etc. If
applicable, enter inclusive report dates (e.g. 10
Jun 87 - 30 Jun 88).

Block 4. Title and Subtitle. A title is taken from
the part of the report that provides the most
meaningful and complete information. When a
report is prepared in more than one volume,
repeat the primary title, add volume number, and
include subtitle for the specific volume. On
classified documents enter the title classification
in parentheses.

Block 5. funding Numbers. Toinclude contract
and grant numbers; may include program
element number(s), project number(s), task
number(s), and work unit number(s). Use the
following labels:

C - Contract PR - Project

G - Grant TA - Task

PE - Program WU . Work Unit
Element Accession No.

Block 6. Author(s). Name(s) of person(s)
responsible for writing the report, performing
the research, or credited with the content of the
report. If editor or compiler, this should follow
the name(s).

Block 7. Performing QOrganization Name(s) and
Address(es). Self-explanatory.

Block 8. Performing Orqanization Report
Number. Enter the unique alphanumeric report
number(s) assigned by the organization
performing the report.

Block 9. $ponsaring/Monitoring Agency Name(s)

and Address(es). Seif-explanatory.

Block 10. Sponsoring/Monitoring Agency
Repaort Number. (If known)

Block 11. Supplementary Notes. Enter
information notincluded elsewhere such as:
Prepared in cooperation with...; Trans. of...; To be
published in.... When areportisrevised, include
a statement whether the new report supersedes
or supplements the older report.

Block 12a. Distribution/Availability Statement.

Denotes public availability or limitations. Cite any
availability to the public. Enter additional
limitations or special markings in all capitals (e.g.
NOFORN, REL, ITAR).

DOD - See DoDD 5230.24, "Distribution
Statements on Technical
Documents.”

DOE - See authorities.

NASA - See Handbook NHB 2200.2.

NTIS - Leaveblank.

Block 12b. Distribution Code.

DOD - Leave blank.

DOE - Enter DOE distribution categories
from the Standard Distribution for
Unclassified Scientific and Technical
Reports.

NASA - Leave blank.

NTIS - Leaveblank.

Block 13. Abstract. Include a brief (Maximum
200 words) factual summary of the most
significant information contained in the report.

Block 14. Subject Terms. Keywords or.phrases
identifying major subjects in the report.

Block 15. Number of Pages. Enter the total
number of pages. :

Block 16. Price Code. Enter appropriate price
code (NTIS only).

Blocks 17.-19. Security Classifications. Seif-
explanatory. Enter U.S. Security Classification in
accordance with U.S. Security Regulations (i.e.,
UNCLASSIFIED). if form contains classified
information, stamp classification on the top and
bottom of the page.

Block 20. Limitation of Abstract. This block must
be completed to assign a limitation to the

abstract. Enter either UL (unlimited) or SAR (same
asreport). Anentryin this block is necessary if
the abstract is to be limited. 1f blank, the abstract

is assumed to be unlimited.

23-86

Standard Form 298 Back (Rev. 2-39)



